MDMA (ecstasy) is a drug commonly used in adolescence, and many users of MDMA also use other illicit drugs. It is not known whether MDMA during adolescence alters subsequent responses to cocaine differently than in adults. This study examined the effects of MDMA in adolescent and adult rats on cocaine conditioned reward. At the start of these experiments, adolescent rats were at postnatal day (PND) 33 and adult rats at PND 60. Each rat was treated for seven days with MDMA (2 or 5 mg/kg/day or vehicle) and locomotor activity was measured. Five days later cocaine conditioned place preference (CPP) was begun. Rats were trained for three days, in the morning with saline and in the afternoon with 10 mg/kg cocaine in 30 min sessions, and tested on the fourth day. MDMA stimulated activity in both age groups, but with a greater effect in the adult rats. Sensitization to the locomotor-stimulant effects of the lower dose of MDMA occurred in adult rats, and in both groups to the higher dose. Cocaine did not produce a CPP in vehicle-treated adolescent rats, but a significant CPP was observed subsequent to treatment with MDMA. In contrast, cocaine-induced CPP was diminished after MDMA in adult rats. These effects were still evident two weeks later upon retest. Thus, under the present conditions, MDMA increased cocaine conditioned reward in adolescent and decreased it in adult rats. These findings suggest that exposure to MDMA during this critical developmental period may carry a greater risk than during adulthood and that male adolescents may be particularly vulnerable to the risk of stimulant abuse after use of MDMA.
Introduction
MDMA (ecstasy) is a drug that is typically used by teenagers and young adults in bars and clubs. The National Survey on Drug Use and Health has estimated that about 2.1 million people over 12 years of age reported having used ecstasy in the past year, with the majority being young adults [25] . In addition, MDMA users were more likely to use other drugs compared to non-MDMA users, with 90% of MDMA users and only 13.8% of non-MDMA users reporting having used other illicit drugs. Specifically, cocaine was reported as being used by 43.8% of MDMA users and 2.0% of non-MDMA users [25] .
In adult rats, MDMA increases locomotor activity and at high doses produces behaviors indicative of a serotonin syndrome (e.g. forepaw treading, low body posture) [15 for review] . Sensitization occurs to the locomotor-activating effects of MDMA after repeated administration [28] . The increased locomotor activity is seen with low doses (3 or 4 mg/kg) and an even greater effect is seen with higher doses (8 or 12 mg/kg) [16] . There are conflicting results from studies of the reinforcing effects of MDMA with some studies showing a conditioned place preference (CPP) after s.c. [6, 20] or icv [7] administration of MDMA. Other studies, however, have shown that there is no significant CPP to MDMA in group housed rats, but rather that it occurs only in isolated rats [22] . Repeated treatment with MDMA in adult rats has been reported to facilitate the subsequent acquisition of cocaine self-administration (Fletcher et al., 2001) , suggesting that there are crossover effects between MDMA and cocaine, while other studies show no crossover effects between MDMA and amphetamine or methylphenidate [23] .
Previous experiments have shown that adult and adolescent rats have different neurochemical adaptations in response to MDMA, where the adolescent rats seem to be less vulnerable to the toxic effects. Experiments in adult rats have shown that either a repeated low dose (4 mg/kg) for 4 days [26] , or one high dose (20 mg/kg) [21] caused significant decreases in serotonin concentrations in selected brain regions. In adolescent rats on the other hand, experiments have revealed that repeated administration of MDMA (7.5 mg/kg) twice daily for 3 days starting on PND 39 [14] , or one dose of MDMA (20 mg/kg) on PND 14 or 21 [4] did not significantly alter the serotonin concentration.
Since MDMA is a drug predominately used by young adults and teenagers, it is important to investigate what effect this drug might have during this stage of development. Rats used in this study were either adolescents aged postnatal day (PND) 33 or adults aged PND 60 at the start of the experiments. In the rat, the periadolescent period, which is the period of early adolescence, takes place around PND 28-42 [29] .
EXPERIMENTAL PROCEDURES

Subjects
The animals used in this study were maintained and the studies were conducted in accordance with the guidelines of the Guide for Care and Use of Laboratory Animals, National Research Council, Department of Health, Education and Welfare, NIH Publication 85-23, revised 1996. Sprague-Dawley male adolescent and adult rats (Charles River, Wilmington, MA) were used in all studies. Rats were housed two per cage in a temperature and humidity-controlled environment under a 12 h light/dark cycle. Food and water were available ad libitum.
Chemicals
Drugs were obtained from the following sources: (±)MDMA HCl and cocaine HCl (NIDA, Rockville, MD).
Locomotor activity
Animals were maintained on a 12 h light/dark schedule with lights on at 7 a.m. and off at 7 p.m. All behavioral testing was done during the light schedule between 9 a.m. and 4 p.m. with each group tested at the same hour each day and the groups randomized over the course of the day.
Male rats were injected ip with 2.0 or 5.0 mg/kg MDMA or saline once daily for 7 days. On the first two days and the last two days of the treatment period, each rat was placed in a locomotor activity chamber for a 15 min habituation period followed by an injection of MDMA or saline and activity was measured for one hour. Rats were placed in clear acrylic chambers (40.64 x 40.64 cm) inside Digiscan activity monitors (Accuscan, Columbus, OH) that were equipped with infrared light sensitive detectors mounted 2.5 cm apart along two perpendicular walls. Mounted along the opposing walls were infrared light beams that were directed at the detectors. One count of horizontal activity was registered each time the subject interrupted a beam. Activity was monitored for a total of 60 min during which beam breaks were measured over 12 consecutive 5 min time periods.
Each group consisted of 8 rats. The adolescent rats were at postnatal day (PND) 33 and weighed 100 ± 2 gms at the start of the experiment. The adult rats were at PND 60 and weighed 250 ± 2 gms. The time course of the entire experiment can be seen in Table. 1.
Cocaine Conditioned Place Preference (CPP)
Five days after the last injection of MDMA or saline (day 12 of the experiment) cocaine CPP was begun. At this point, the adolescent rats were at PND 44 and the adult rats were at PND 71. During the conditioning phase, rats were trained for three days -in the morning with saline and in the afternoon with 10 mg/kg cocaine ip. Each training session lasted 30 min. The apparatus consisted of an acrylic box the same size as the locomotor activity chambers but with a removable center barrier. On one side, the walls were white, the lid was black and white striped, and the floor was smooth. On the other side, the walls were black and white striped, the lid was white, and the bottom was rough. The opposite lids were used so that there would be approximately the same amount of light on both sides of the testing chamber. For each rat, saline was paired with one side and cocaine was paired with the other. The drug-paired side was randomized across groups with equal numbers of rats in each group having cocaine paired with the white side and with the striped side. In preliminary experiments, this apparatus did not produce a bias towards one side or the other and the rats spent equal amounts of time in both sides. On the fourth day (day 15), CPP testing was done in the middle of the day. Two weeks later, on day 29, the rats that were treated with 5.0 mg/kg MDMA or saline were retested. During these tests, the rats were placed in the chamber with the center barrier removed and were able to move freely to both sides. The amount of time spent on each side of the chamber was recorded for 30 min. The time course of the entire experiment can be seen in Table. 1. This training schedule was used instead of training saline and cocaine on separate days because of the constraints involved in doing developmental studies. To ensure that the entire experiment could be completed within the adolescent period, it was important to have the CPP training period be as short as possible.
Data Analysis
Locomotor activity data were analyzed using a 3-way ANOVA (treatment x age x day). Post hoc analysis using Fisher's Protected Least Significant Difference (PLSD) was used when warranted. P values less than 0.05 were considered significant for all tests.
For the CPP studies, a two-way ANOVA (pretreatment x age) was used to compare the MDMA-pretreated groups to the vehicle-pretreated group in both the adolescents and the adults. Post-hoc analysis using Fisher's Protected Least Significant Difference (PLSD) was used when warranted. In addition, data were analyzed using t-tests to compare the preference data (time spent in cocaine-paired side minus time in saline-paired side) to 0 to determine whether a significant preference (or aversion) had occurred in each group. If equal time was spent in both sides, the preference score would be 0. P values less than 0.05 were considered significant for all tests.
Results
Locomotor Activity
A dose of 2.0 mg/kg MDMA stimulated activity in both adult and adolescent rats on each day of testing, although the activity levels were higher in the adult rats ( Fig. 1 ). There was a significant treatment effect overall (F (1,112) = 43.55, p = 0.0001), and post-hoc tests showed that there was a significant difference between MDMA and vehicle treatment in both adults (p = 0.0001) and adolescents (p = 0.01). The time-course of the locomotor-stimulating effects of this dose of MDMA within the 60 min sessions was different in the adult and adolescent rats, with significant increases seen after the first 5 min of testing in the adults (Fig. 2 , right panels), but not seen until after 15-20 min of testing in the adolescents (Fig. 2 , left panels). Sensitization to the locomotor-activating effects of MDMA occurred at this dose in the adult rats, with significantly greater activity recorded on days 2, 6, and 7 compared to day 1 (p < 0.007). There was no sensitization to the locomotor-stimulating effects of this dose of MDMA in the adolescent rats.
After 5.0 mg/kg of MDMA, activity was not significantly increased on the first day of testing in either group compared to vehicle (Fig. 3) . In addition, treatment with these doses of MDMA did not produce an observable serotonin syndrome or any type of stereotypy that would interfere with the ability of the animals to exhibit locomotor behavior in either group on any of the test days. On the subsequent days of testing, there were significant increases in locomotor activity in both the adult and the adolescent rats in response to MDMA. There was an overall significant effect of drug (F (1,112) = 61.11, p = 0.0001), and post-hoc tests showed that MDMA produced significantly greater activity than vehicle in both adult and adolescent rats (p = 0.0001). In addition, there was a significant drug x day effect (F (3,112) = 4.45, p = 0.005). At this dose, the time-course for locomotor-stimulating effects of MDMA was not different in the adults and adolescents, with significant effects observed after 10 min of testing in both groups on days 6 and 7 of treatment (Fig. 4) . On the second day of treatment, there was a delay in the effect of MDMA in the adult rats, however, with significant increases in activity not evident until 25 min after the session started. Sensitization to the locomotor-stimulating effects of this dose of MDMA occurred with significantly greater activity levels observed on days 2, 6, and 7 compared to day 1 (p < 0.05) in the adolescent rats and on day 7 (p < 0.05) in the adult rats.
MDMA did not alter the growth of the rats, in that there were no significant differences in body weight on any day of the treatment period compared to vehicle in either the adolescent or adult rats.
Conditioned Place Preference
Similar results were seen after 2.0 or 5.0 mg/kg MDMA pretreatment. In the adult rats, after three days of pairing cocaine and saline with opposite sides of the CPP chambers, the vehicle pretreated rats exhibited a significant preference for the cocaine-paired side (t 7 =2.85, p = 0.025), and the preference was no longer significant after either 2.0 or 5.0 mg/kg MDMA pretreatment (Fig. 5B) . The vehicle-pretreated rats spent significantly more time in the chamber previously paired with cocaine than in the chamber previously paired with saline. These data are presented as preference scores (time spent in cocaine-paired chamber minus time spent in saline-paired chamber). If the value is 0, the rat spent equal time in both chambers and there was no preference. A positive value represents more time spent in the cocaine-paired chamber and a negative value means less time spent in the cocaine-paired chamber than in the salinepaired chamber. After MDMA-pretreatment, the preference diminished. There was no difference between the effects of vehicle in the two experiments (one with the 2.0 mg/kg dose of MDMA and the other with the 5.0 mg/kg dose of MDMA) so the vehicle data were combined and are represented as a single bar on the graphs.
In the adolescent rats, there was not a significant overall preference to this dose of cocaine in the vehicle-pretreated rats, but there was a significant preference after pretreatment with 2.0 mg/kg MDMA (t 7 =2.48, p = 0.042, Fig. 5A ). The adolescent rats pretreated with 5.0 mg/kg MDMA also had a significant preference for the cocaine-paired side (t 7 = 4.49, p = 0.0028). Thus, conditioned place preference to cocaine was increased in the adolescents, and decreased in the adults subsequent to a 7-day pretreatment with MDMA, compared to vehicle.
There was a significant pretreatment x age effect for preference scores in the adult and adolescent rats pretreated with vehicle, 2 mg/kg MDMA or 5.0 mg/kg MDMA (F (2,58) = 4.44, p = 0.016). Post-hoc tests showed that there was a significant difference between pretreatment with vehicle and pretreatment with either 2.0 or 5.0 mg/kg MDMA in the adolescent rats (p < 0.05) but not in the adult rats. It is interesting to note that there was a large individual variability in the preference scores in the adult rats after pretreatment with 5.0 mg/kg MDMA (as shown by the large error bar on the MDMA point on Fig. 5B ) that was not evident after vehicle. This was because 7/8 of the rats showed a large preference for the cocaine-paired side after vehiclepretreatment, whereas after MDMA pretreatment, only 5 of the 8 rats showed a preference to cocaine while 3 rats showed a significant aversion to cocaine (shown by a negative preference value because the rats spent significantly more time in the saline-paired chamber than in the cocaine-paired chamber). Of the five who showed a preference to cocaine, only 4 showed a greater than 50% preference. Thus, there appeared to be a dichotomous effect of MDMA pretreatment on subsequent cocaine CPP in the adult rats, with no effect in some rats and a negative effect in others. This was not the case in the adolescent rats, all of which had positive preference scores after MDMA treatment.
The CPP test two weeks later (on day 29 of the experiment) produced virtually identical results to those seen on day 15 (Fig. 6) . As seen earlier, there was not a significant preference after vehicle-pretreatment in adolescent rats. There was, however, a significant preference for the cocaine-paired side in the adolescent rats pretreated with 5.0 mg/kg MDMA (t 7 = 5.49, p = 0.0009). Once again, the adult rats that were pretreated with vehicle exhibited a significant preference for the cocaine-paired side (t 7 = 2.43, p = 0.045), while after MDMA treatment the adult rats did not have a preference that was significantly different from 0. An overall ANOVA of the retest data showed that there was a significant pretreatment x age effect (F (1,28) = 4.92, p = 0.0348). As seen in the earlier CPP test on day 15, there was a significant difference between MDMA-pretreated and vehicle-pretreated adolescent rats (p < 0.05), but no significant difference in the preference scores of the vehicle-pretreated and MDMA-pretreated adult rats.
There were no significant differences between the preference scores in the first test vs the second test in the vehicle-pretreated adult or the adolescent rats. Similarly, there were no differences in the scores after MDMA pretreatment across tests in either age group. Thus, the effects observed one day after CPP training were still evident 2 weeks later.
Discussion
Locomotor Activity
The data from the locomotor activity studies showed that a dose of 2 mg/kg of MDMA stimulated activity in both adult and adolescent rats, although the activity levels in response to the MDMA were higher in adult rats than in adolescents. The time-course of the activating effects of this dose of MDMA was different in adults and adolescent rats with a significant increase in activity observed after 5 minutes in adult rats compared to 15-20 minutes in adolescents. Adult rats were sensitized to the locomotor-activating effect of this dose of MDMA, in that there were significantly higher activity levels on days 2, 6 and 7 compared to day 1. No sensitization to the locomotor-activating effects of MDMA occurred in the adolescent rats in response to the daily administration of 2.0 mg/kg MDMA for 7 days.
When a higher daily dose of MDMA (5 mg/kg/day) was administered, neither adult nor adolescent rats showed a significant increase in locomotor activity on the first day of the experiment compared to vehicle-treated rats. On the remaining days however, both adult and adolescent MDMA treated rats showed significantly higher locomotor-activity than vehicletreated rats. With this dose there were no differences in the time-course of the locomotoractivity between the adult and adolescent rats. A significant increase in activity was seen after 10 minutes on days 6 and 7 in both groups. On the second day of MDMA treatment, there was a delay in the activating effect of MDMA in the adult rats with a significant effect not seen until 25 minutes into the test session.
After 5.0 mg/kg MDMA daily, sensitization was evident in adult rats on days 2, 6 and 7 and in adolescent rats on day 7. An earlier study showed that rats treated with MDMA (5.0 mg/kg s.c.) for 5 days were sensitized to the locomotor-activating effects of a challenge dose of MDMA 2 days after the last injection [18] . In addition, the rats remained sensitized to a challenge injection 11 days after the first test. Although a higher dose of MDMA (15 mg/kg/ day) produced sensitization to the locomotor-activating effects of cocaine, the 5 mg/kg dose did not produce any crossover effects. In another study, sensitization occurred, although it is not clear to which doses, in rats that received intermittent injections with MDMA (2.5, 5.0 or 7.5 mg/kg) every other day for 6 or 12 days [28] . In another study, adult rats were treated with lower doses of MDMA (2.5, 5.0 or 10.0 mg/kg/day) for six days and challenged with MDMA 5 and 32 days later [23] . This was followed by amphetamine administration or methylphenidate administration one day after the second challenge dose of MDMA. As in the present study, these adult rats experienced sensitization to the locomotor-activating effects of MDMA but did not show cross-sensitization to amphetamine or methylphenidate.
The elevated locomotor activity seen in rats treated with MDMA is postulated to be mediated by release of serotonin [for review see 15] , and at least in part, by 5-HT 2A receptors [16] . In adolescent rats, the density of serotonin transporters is increasing and does not reach adult levels until PND 90 [24] . It also has been shown that the serotonin syndrome differs as a function of age in the adolescent rat, where rats aged PND 35 have a more pronounced serotonin syndrome to MDMA than rats aged PND 45 and PND 60 [27] . This difference in the serotonin response to MDMA across development might explain why adolescent rats are less sensitive than the adults to the locomotor-activating effects of MDMA.
It appears that the adolescent rats are less vulnerable to the sensitization that occurs after repeated treatment with MDMA since they did not show sensitization with the low dose (2.0 mg/kg) of MDMA and although sensitization did develop to the higher dose (5.0 mg/kg) it was only evident on the seventh treatment day. It is interesting to note that previous studies in our laboratory have shown that sensitization developed to the locomotor activating effects of cocaine or nicotine in adult, but not in adolescent male rats [12, 13] . Thus, in general, it appears that sensitization to the locomotor activating effects of psychostimulant drugs occurs more readily in adults than in adolescents. It has been suggested that the sensitization to MDMA might be due to elevated concentrations of dopamine in the nucleus accumbens [18] . Studies conducted in adolescent and adult rats, where a very high dose of MDMA (40 mg/kg) was administered on PND 40 or PND 70, showed that MDMA increased dopamine levels acutely in the caudate putamen at both ages [9] . However, it is known that during adolescence there are significant developmental changes in the dopamine system [8, 24] . During this period, there is a 2-fold reduction in dopamine turnover, but no change in density of dopamine uptake sites. In addition, during adolescence dopamine D2 receptors and GTP inhibition of adenylyl cyclase activity appear. Thus, it is possible that differential behavioral effects of MDMA during this developmental period could be due to an altered development of the dopamine system.
Conditioned Place Preference
The adolescent rats pretreated with vehicle did not develop a significant CPP to 10 mg/kg cocaine after three training sessions. An earlier study showed that cocaine-induced place conditioning occurred to the same degree in adolescents (PND 32) as in adults (PND >65), although in that study data from male and female rats were combined [10] . In addition, there were significant differences between the males and females, with the females having higher choice ratios than the males after training with both 5.0 and 10.0 mg/kg cocaine. It was not clear whether the males alone had a significant CPP, since the data were not presented separately. A previous study comparing different age groups in developing mice showed that there was less of a preference for cocaine at PND 28-31 than at earlier ages, although adult mice were not included in this study [19] . In contrast, while conditioned place preference to amphetamine developed in adult (PND >60) rats, there was no reliable conditioned place preference in adolescent (PND 30) rats trained with amphetamine [2] . It also has been shown that while nicotine conditioned place preference occurred during early adolescence (PND 28), it did not induce a significant positive place preference during later adolescence [5, 30] , corresponding to the time when the rats in this study were tested for CPP. These data, combined with our present data suggest that the conditioning effects of drugs might be different in adult and adolescent rats. In the present study, there was a clear difference between the control adult and adolescent rats, with only the adult control animals showing a significant preference for this dose and training regimen with cocaine. Additional studies, with additional doses of cocaine, and multiple time courses of training will be needed to better understand the differences between adolescent and adult rats in the development of conditioned reward.
These data show that while cocaine produced a robust CPP in adult rats pretreated with vehicle, after MDMA pretreatment there is no longer a significant CPP to cocaine in adult rats. As mentioned in the results section, this is likely due to an increase in the individual variability that was observed subsequent to MDMA pretreatment. Only 5 of the 8 rats in the 5.0 mg/kg MDMA-pretreated group showed a positive CPP, while 3 of the rats showed a significant negative preference. Thus, it is possible that MDMA has a dichotic effect with the responses of some animals to cocaine being positive, while other rats appear to develop an aversion to cocaine after pretreatment with MDMA. In addition, as mentioned above, the magnitude of the preference to the cocaine-paired side, in those animals that showed this preference, was decreased in the adult rats after treatment with MDMA. These results persisted and the same effects were observed 14 days later. The same effects were observed after the lower dose of MDMA, with fewer rats exhibiting a positive preference, and with a decreased overall magnitude of the preference in those animals that did prefer the cocaine-paired side.
A previous study using a high dose of MDMA in adults (10 mg/kg x 3 injections in a single day) did not alter cocaine (20 mg/kg) CPP when training began 14 days later [11] . In that study, however, rats were treated for only a single day with high doses of MDMA, and their first exposure to cocaine was two weeks later. This is in contrast to the present study, where the first cocaine exposure occurred 5 days after a seven-day MDMA treatment period. One study found that pretreatment with a high dose of MDMA (20 mg/kg) twice daily for four days to adult rats increased the conditioned response to cocaine (5 or 10 mg/kg) when CPP was tested two weeks later [17] . This finding is contrary to the findings in the present study, however, the MDMA dose used in that study is much higher than in the present study and the dosing regimen is different. The use of a potentially toxic dose of MDMA could well alter the subsequent response to cocaine compared to the lower doses used in the present study. For example, there have been a number of studies showing that high doses of MDMA have a toxic effect on serotonin in adult and adolescent rats. In adolescent rats treated with 5 mg/kg MDMA four times daily (total of 20 mg/kg/day) every fifth day between PND 35 and 60, serotonin transporter binding was decreased in the cortex [27] , and rats administered a single high dose of MDMA (20 mg/kg) at PND 35 and killed seven days later exhibited significant reductions in serotonin [3, 4] . In addition, administration of 20 or 40 mg/kg MDMA on PND 40 or PND 70 led to decreased serotonin levels in multiple brain regions, including the frontal cortex and striatum [9] , with no changes seen after a lower dose of 10 mg/kg. In the caudate putamen, only the 40 mg/kg dose of MDMA produced a significant decrease in serotonin levels at PND 40, while both 20 and 40 mg/kg reduced serotonin at PND 70. Thus, it may be that the adult rats are slightly more sensitive than the adolescent rats to the toxic effect of MDMA on serotonin. In addition, 40 mg/kg MDMA administered on PND 40 or PND 70 acutely increased dopamine levels in the caudate putamen for several hours after administration [9] .
In contrast, rats treated repeatedly with a somewhat lower dose of MDMA (7.5 mg/kg ip twice daily for 3 days) starting at PND 39 had no changes in serotonin levels or cortical serotonin transporter density 12 days later [14] . In contrast to the adult rats, in adolescent rats, MDMA pretreatment appeared to increase the conditioned reinforcement of cocaine. The vehicletreated rats did not show significant preference for the cocaine paired side. An earlier study with a much higher dose of MDMA (7.5 mg/kg twice daily) showed that pretreatment for 3 days from PND 39-41, led to a slight increase in cocaine CPP 26 days later, when the rats were adults, compared to saline pretreatment combined with saline CPP [14] . As in the present experiment, however, cocaine alone (5 mg/kg) did not produce a significant CPP after two days of training in saline pretreated rats. In contrast to the present findings, there was no difference between saline pretreated rats conditioned with cocaine and MDMA pretreated rats conditioned with cocaine [14] . A study in mice found that exposure to MDMA during the adolescent period (10 mg/kg for 7 days) increased conditioned reward induced by cocaine in adulthood (after a withdrawal period of six weeks) [1] . Thus, unlike what is observed in adult rats or mice, if the exposure to MDMA occurs during adolescence, there seems to be crossover effects to other psychostimulants such that there are increased rewarding effects of cocaine during adolescence and that this persists into adulthood.
In summary, repeated administration of MDMA to adolescent rats produces differential behavioral effects compared to adult rats. Under the conditions used in this study, it appears that MDMA increased the conditioned reward associated with the tested dose of cocaine in the adolescent rats and decreased it in the adult rats. These findings suggest that exposure to MDMA during this critical developmental period may carry a greater risk than during adulthood and that male adolescents may be particularly vulnerable to the risk of stimulant abuse after use of MDMA. This is consistent with the data showing that MDMA users are more likely to use other illicit drugs than are non-MDMA users [25] . The data further suggest that it is possible to model this behavior in the laboratory and that it will be possible to study the neurochemical adaptations that occur in response to MDMA that may lead to the increased effects of subsequent drug administration. Daily locomotor activity in adolescent male (PAM, left panel) and adult male (ADM, right panel) rats in response to 2.0 mg/kg/day MDMA or vehicle (saline). Data show the amount of horizontal activity in a 60 min test session, which was begun 15 min after injection of MDMA or saline. Rats were injected daily for 7 days and locomotor activity was tested on days 1,2, 6, and 7. *significant difference from vehicle (p ≤ 0.05). #significant difference from day 1 (p ≤ 0.05). Time courses of locomotor activity on each of the test days in both adolescent male (PAM, left panels) and adult male (ADM, right panels) rats after 2.0 mg/kg MDMA or vehicle. These data show the amount of horizontal activity per 5 min period over a 60 min test session on each of the test days. Daily locomotor activity in adolescent male (PAM, left panel) and adult male (ADM, right panel) rats in response to 5.0 mg/kg/day MDMA or vehicle (saline). Data show the amount of horizontal activity in a 60 min test session, which was begun 15 min after injection of MDMA or saline. Rats were injected daily for 7 days and locomotor activity was tested on days 1,2, 6, and 7. *significant difference from vehicle (p ≤ 0.05). #significant difference from day 1 (p ≤ 0.05). Time courses of locomotor activity on each of the test days in both adolescent male (PAM, left panels) and adult male (ADM, right panels) rats after 5.0 mg/kg MDMA or vehicle. These data show the amount of horizontal activity per 5 min period over a 60 min test session on each of the test days. At this dose, the time course of the effect of MDMA is the same in the adult and adolescent rats after several days of treatment, however on day 2 the onset of locomotor stimulation occurs sooner in the adolescent rats. Cocaine conditioned place preference in adolescent male (PAM) and adult male (ADM) rats. Rats were trained with cocaine (10 mg/kg/day) and saline from days 12-14 of the experiment (beginning 5 days after last treatment with vehicle, 2.0 mg/kg MDMA or 5.0 mg/kg MDMA). On day 15, preference was tested by allowing rats to have access to both sides of the chamber. The time spent on each side (secs) was recorded. Data are presented as preference values (time spent in cocaine-paired chamber minus time spent in saline-paired chamber expressed as seconds). The 0 line represents no preference. *significant difference from 0. #significant difference from vehicle pretreatment. Retest of cocaine conditioned place preference in adolescent male (PAM) and adult male (ADM) rats 2 weeks after first test. Rats were trained with cocaine (10 mg/kg/day) and saline from days 12-14 of the experiment (beginning 5 days after last treatment with vehicle or 5.0 mg/kg MDMA). On day 29, preference was tested by allowing rats to have access to both sides of the chamber. The time spent on each side (secs) was recorded. Data are presented as preference values (time spent in cocaine-paired chamber minus time spent in saline-paired chamber expressed as seconds). The 0 line represents no preference. *significant difference from 0. #significant difference from vehicle pretreatment.
